(Hamamatsu, Japan) and used at 6 to 8 weeks of age. All of the animal experimental procedures in this study were performed in accordance with the National Institute of Biomedical Innovation guidelines for the welfare of animals.
Macrophage Differentiation To induce macrophage differentiation of THP-1 cells, cells (1ϫ10 4 /well) were plated in 96-well plates, added with 100 ng/ml of phorbol myristate acetate plus 100 nM 1,25-dihydroxy vitamin D3 (Wako Pure Chemical Industries) and incubated for 24 h.
Measurement of Cytokine Production Macrophagelike THP-1 cells (1ϫ10 5 /well) were plated in 96-well plates and on the following day stimulated for 24 h with either 100 ng/ml lipopolysaccharide (LPS) or 0.64-80 mg/ml urban aerosols. Pro-inflammatory cytokines, interleukin (IL)-1b and IL-8, were measured in the culture supernatant by ELISA according to the manufacturer's instructions (BD Bioscience, San Diego, CA, U.S.A.). Tumor necrosis factor (TNF)-a was measured using biotinylated anti-human TNF polyclonal antibody (R&D, Minneapolis, MN, U.S.A.) as previously described.
17)
NF-k kB Assay The NF-kB-dependent luciferase reporter assay was performed as described previously.
18) RAW-ELAM cells (2ϫ10 5 /well) were plated in 12-well plates and on the following day stimulated for 6 h with either 100 ng/ml LPS or various concentration of urban aerosols. The NF-kB reporter gene activity was measured according to the manufacturer's instructions (Promega, Madison, WI, U.S.A.). The protein concentrations of the cellular extracts were determined by the Bradford method (Bio-Rad, Hercules, CA, U.S.A.), and the reporter gene activity was normalized to the protein concentration for the compensation of difference in cell numbers and viabilities between wells.
Evaluation of Inflammatory Responses in Vivo Each mouse was anesthetized by pentobarbital (Dainippon Pharmaceutical Co., Osaka, Japan), and intranasally (i.n.) exposed to 4-400 mg urban aerosols diluted in 50 ml sterile phosphate-buffered saline (PBS); control mice received LPS or PBS. After 24 h, mice were sacrificed and then samples (bronchoalveolar lavage (BAL) fluids and lung tissue) were collected. The total BAL cell number was counted with a NucleoCounter (Chemometec, Osaka, Japan). For histological examination, the right lung was fixed with 10% neutral buffered formalin and stored for 24 h. Lung samples were then embedded in paraffin and cut into 5-mm thick sections. The sections were mounted on slides and stained with hematoxylin and eosin to examine the amount of lung inflammation under light microscopy. For examining eosinophils, the slides were stained using the Luna method. That is, the slides were stained in a working 1% Biebrich scarlet solution, dipped in lithium carbonate solution, and washed in running water, followed by counterstaining in a working hematoxylin solution, further washed in running water, and dehydrated.
Statistical Analysis All results are expressed as meansϮ S.E.M. or S.D. Differences were compared using Bonferroni's method after analysis of variance (ANOVA).
RESULTS AND DISCUSSION
Urban air pollution is a crucial environmental problem, especially in developing countries. As urban aerosols may contain various kinds of harmful substances, they are likely risk factors for conditions such as allergic diseases or cancer. 10, 12, 19) Clarification of the immunotoxic effects caused by urban aerosols is therefore important. In this study, we examined the potential of urban aerosols to induce inflammation and evaluated the risk associated with allergic diseases.
Cytokine secretion by activated macrophages contributes to inflammation in the lung. 20) Therefore, to examine the effect of urban aerosols on macrophages, we investigated cytokine production after stimulation of macrophage-like THP-1 cells by exposure of 0.64-80 mg/ml urban aerosols for 24 h. Urban aerosols were found to induce the production of IL-8, TNF-a and IL-1b on THP-1 cells (Figs. 1A-C) . Such pro-inflammatory cytokines may initiate and exacerbate inflammation. IL-1b is particular important cytokine since it is a potent inflammatory mediator, stimulating chemokine production, recruiting leukocytes to the site of injury, and inducing the synthesis of TNF. 21, 22) IL-8 is a neutrophil attractor, and an influx of neutrophil may lead to a sustained inflammation and possibly tissue damage. 23, 24) Therefore, urban aerosols appear to induce pulmonary inflammation by activating macrophages. To verify the signaling pathway of cytokine production on macrophages, we examined the activity of NF-kB induced by urban aerosols. As NF-kB is one of the major transcription factors which regulate the expression of many cytokine genes, 25) including IL-1b, IL-8, and TNF- a, we measured its activity after exposing several dilutions of urban aerosols to RAW-ELAM. 18) An increase in the NFkB activity was observed following urban aerosols exposure in a dose-dependent manner (Fig. 2) , suggesting that the NFkB pathway regulated the urban aerosols-induced inflammatory cytokine response.
To investigate the inflammatory responses of urban aerosols in vivo, we examined the subacute inflammatory responses of urban aerosols in lungs of mice. We exposed mice to urban aerosols (4-400 mg/mouse/d). After 24 h exposure, the total BAL cell number was increased dose dependently with urban aerosols, indicating that urban aerosols induce severe inflammation in the lung. In particular, 400 mg urban aerosols-exposed mice exhibited sever lung inflammatory responses as similar as LPS-treated mice (Fig. 3) . Furthermore on histopathological examination, lungs of 400 mg urban aerosols-exposed mice expressed heavy inflammatory and degenerative processes with abundant granulocytes and tissue exudates filling in the alveolar lumina (Fig. 4A) . Importantly, in the exposed lungs, urban aerosols were finely dispersed in alveolar spaces. Among the infiltrating leukocytes, eosinophils were dramatically increased in number in the urban aerosols-exposed lungs (Fig. 4B) , indicating that urban aerosols augmented the number of eosinophils and led to the subacute exacerbation of lung inflammation in mice. Eotaxin is well known eosinophil-recruiting chemokine and may be important in the development of allergic asthma. 26 ) However, we did not observe the production of eotaxin after stimulation of THP-1 cells by exposure of urban aerosols. It has been known that not only macrophage but also bronchial and lung epithelial cells produce the eotaxin after inflammatory stimulus.
27) Therefore we consider that urban aerosols might induce the production of eotaxin on epithelial cells in lung and recruitment of eosinophils in lung.
As in Beijing, the concentration of urban aerosols is estimated to be about 150 mg/m 3 , and assuming a daily respiratory volume of 15 m 3 for an adult, the Beijing population is predicted to be exposed to 2250 mg urban aerosols per day. 28) Based on this estimated level of human adult exposure, about 782 Vol. 33, No. 5 1 mg/mouse is equivalent dose. Thus, it is estimated that the dosage of the urban aerosol in vivo in the present study is 4-400 fold higher. However, we believe that they are within the physiological ranges, because the urban aerosols might be cumulatively accumulated and hardly metabolized in the body.
Our current research involves characterizing and purifying bioactive components from urban aerosols to identify their toxic components, for further elucidation of the host defense mechanism following urban aerosols exposure. Recent studies have already shown that crystalline silica, also known as an environmental pollutant, disturbs the host immune systems by activating the cytoplasmic receptor NALP3. 29, 30) However, the mechanism of urban aerosols-activating host immunity is still unclear. Future analysis is therefore necessary to clarify this mechanism.
In 2006, World Health Organization designated environmental standards for PM 2.5 to be 10 mg/m 3 and 35 mg/m 3 for the annual and daily concentrations, respectively; while those in the United States were 10 mg/m 3 and 25 mg/m 3 , respectively. As Beijing has one of the highest urban aerosols concentrations (around 150 mg/m 3 ), our results indicated that in urban areas with severe air pollution, the population is at a high risk of inducing inflammatory cytokines and developing pulmonary diseases such as asthma.
In conclusion, our results show that urban aerosols induce pro-inflammatory cytokine production via the NF-kB signal pathway in macrophages. Such airway exposure to urban aerosol can elicit lung inflammation in mice.
